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The First Telephone

In 1876, Alexander Graham B
— ell made the first Telephone, called the
Bﬁ.lLIelep_b_Qne

-

The same equipment is used at TX and RX

Wobthou £ Cacbon G raing
| ~ Sound In

\%76 —= Ale x lexw\ Bcl\
B

Telecommunications
Regulations

”‘(’M ® In USA

» Federal Communications Commission (FCC) for long
distance traffic

» Public utilities Commissions of individual states for
local services

0 InUK

» British Telecom and Mercury communications
provide local and trunk services

« In Jordan Ls L0u9 Vis bownc o
» Telecommunications Regulatory Commission (TRC)

T TR o O
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Telecommunlcations
Standard Organizations

In North America:

Bell Telephone Laboratories and Western Electric.

The US Telephone Association (USTA).

. Exchange carriers standards Association (ECSA).
Eloctronic Industries Association (EIA).

- s - M oaw )
® Institute of Electrical ang Electronic Engineers (IEEE). > waber (oo

ston ébt(j 3
Bell Communications Research (Bellcore).

The Federal Communications commission (FCC): controls the radio
spectrum in USA.

Data
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Telecommunications -
Standard Organizations {

* Outside North America:

* The International Telecommunication union (ITU):

1. International Telegraph and Telephone Consultative commitiee
{CCITT, now ITU-T): established recommendations for telephone,
[ telegraph, and data transmission circuits and Equipments.

> \_[r(y\* WDT) FA X \" V.'((
2. International Radio consultative committee (CCIR, now ITU-R):
coordinating the use of the radio spectrum.
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Public Switched Telecommunication (Telephone) network- PSTN

CT1: between continents C)V\;@Y) ?\.24) C:OZDJ‘);‘P))
Cmanlmpvfmmds 25 Q/ \ g‘“

International Gateway exchange LCI‘I__)

Cenker Eronsek 3
National Tandem exchange
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PSTN

("\K‘W) node Counete ke ) aifﬁfy

* CT: centre de transit te other wode
s Connecting all the exchanges as a mesh network is called junction
network ;
e g

— * Connecting all the exchanges as a star network is done via a central
Switching center called a tandem exchange

* Connecting Tandem exchanges is called trunk network (it is used
between countries)
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- In practice, a mixture of mesh and star network is used

. () local exchange
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Terminology

L’ Wkt Jor "“"“Nl?,c

: {JS{\ UK Cdorgen)|
Customer Ioop
s Local network ——_~ dE!
Central office Exchange
3 W‘“End office“ Local exchange
L Inter-office trunk Junction
'''''' Junctor Trunk
e Toll office Trunk exchange
Toll network Trunk network
Lol Qualt 2
? Ua(d —_— 0 \
X i o j > uow‘ﬁl,\ @\Aalttﬂ te pe Covwnecte 4
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The Analog Network Hierarchy

« Bell System Hierarchy:

« Alexander Graham Bell invented the first practical Telephone
in1876,

« Central office (or end offices): switching office in the center of a
service area.
+ Trunks were used between the central offices.

+ The analog public telephone network in the United states evolved to

atotalofﬁvc!ﬂ!
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X Second tevel
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. Third level '
switch
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First level o
switch

Figure 1.2 Three-level switching hierarchy. -
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Switching Systems

Types of switching:

— Circuit switchj ivisi | |
g it Switching (san or analog switching)
_—\v

— Me_ssage Switching (delay or queuing system)

Eicffi switching (time-division switching or digital switching)
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Circuit Switching '

- Aphysical path is established in advance between the sender and
the receiver and this path is reserved for only one call (so, for voice

network) » .G/ \Rm.[zbsl.‘tv 8 P80 = (e Woma, b 5)
* Whlizabien o £ @\ \s Bup —# WUSe P,
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Packet Switching

* Dividing the long messages into packets is useful to solve the problem of
Queuing messages with different lengths

Used in internet

* Developed in 1969 by ARPANET (Advanced Research Projects Agency ). So,
ARPANET was the pionee

cer o today’s Internet)

* The Department of Defense wanted a more reliable network with route
diversity capability. In a national emergency such as the September 11,
2001 attacks in the United States on the Pentagon in Washington, DC, and
the World Trade Center in New York City, the Internet still functioned
when many portions of the public voice and cellular networks were either
out of service or so overwhelmed with traffic that people could not make

calls —> QdsSE  fue wicrwe |- et wred alvert Jhusian |
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Packet Switching
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T OF events /n CIreuit switehing, message switching,

Packet Switching
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item Circuit switched | Packet switched
Call setup | Required = x needed*,
Dedicated physical path Yes e
Each packet follows the same route R L k e
Packets arrive in order AT :65 3 =
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Bandwidth available T A AFmt , o mm ;
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Circuit Switching

In old systems: manual swi
automatic systems.

the :'a\( 1S wot Stored
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tching was done by operator. Then,
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Itis an example of lost-call System ( the call cannot be stored as in
message switching



Switching Systems

Step-by-step Switching system:

Uses the two-motion selector which was invented by Almon B
Strowger

Had a lifetime of nearly 100 years
* Itis the

first automated switching system
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Switching Systems

b) Stored Program Control: : E :
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In 1965: the Bell System installed the first computer-controlled switching

system: The No.1 Electronic Switching System (ESS)

« This switching system uses a stored-program digital computer for its control
function.

« The switching matrix of this system uses electromechanical reed relays
- Advantages:

« Simplified maintenance.

« Made number changes easy.

« lower blocking probabilities. —> “"NMNebwork Pusy ?

« Generation of traffic statistics.

« Automatic call tracing.

+ Message unit accounting.

> In 1976: AT&T's No. 4 ESS is a high-capacity switch used computer control

and digital electronics for its switching matrix. 32
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Four-wire System

* The term four wire has

-' Fevolved to imply separate channels for each
direction of transmissios

Loeven when wires may not be involved.

* For example, fiber o

PUC and radio systems that use separate channels for
each direction are als

o referred to as four-wire systems,

*Long distance transmission requires amplification and most often involves
multiplexing,

* These operations are implemented most easily if the two directions of
transmission are isolated from each other.

* Thus interoffice trunks typically use two pairs of wires or two fibers and are
referred to as four-wire systems.

* a net savings in copper could result from multiplexing more

channels, 33
<) | P . J 7 o dg ! S
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2-Wire / 4-Wire Circuit

« |tis necessary to convert from two-wire transmission of local loops
to four-wire transmission on long-dlstace trunks.

auiiiry {151}

| 7 {sta Vi oy
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2-wire / 4-wire circuit
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2-wire / 4-wire circuit

,“

rg' ncose of wismolbdh PBetwern NAf s d 2
* Total attenuation from one two-wire circuit to the other is
« Transhybrid loss (TL): is the attenuation through the hybrid 3
transformer from one side of the 4-wire circuit to the other. |
TL =6+B dB
N+Z
B =20log dB o Loss W SR

N-Z] — p=2 0

: Ao }//;P”od (7!’09
LéAdws s thes Moy =

o= =4

2-wire / 4-wire circuit

_ B: balance return loss due to impedance mismatch between 2-
wire line and the balance network

' — wire line
— Z:impedance of the 2— wire
— N: impedance of the balance network

eechomatreachesmemlkefsz-wieﬁp ‘

attenuation of th
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2-wire / 4-wire circuit

O B
« The attenuatton of the echo that reaches the listener's 2-wire line P

B+6 g6
L, =(B+6)-G,+(B+6)-G,=2L,+2B dB .

+ We can control echo by applying loss when 2T4 < 45 msec ,f;./_)'.
(increasmg L2 by increasing the length but this increases delay)

Artéids
went U Ll e be L“ _> L*y\n loss o ccho m
LT m the
&ho [ Ligters
R 2L A B —> Zcrteese Fhe line lengh b =~ path
d“‘ %
» Gt AQ) \ResV tawee  gecouss fhatb will ggw@é Jckg

Cooxinl Coble Chare ctanstics

Wl o
\ s less bhewn 22.5 A
x L:M:‘f* o — \F ke &Qt“y 29

Wty ek , yewe Ears wexk tell Ehe S FFecane

2-wire / 4-wire circuit

s that produce more than 45 msec of roundtrip del&y |

800 miles of wire) require more attenu
4 a:an can be tolerated in the forward 7
"mwpesofdevioeswas usec \
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2-Wire

- = U< I -
5

Detect

B 0y

e Res =

L)‘do
Figure 1.29 Fcho suppressor.

LS ke ¢ B {f’“"r/b’touo) Ak ob Fhe M= fime wel/ |
wa

TR
. One drawback of echo suppressof was that they mi ight clip SFoc € 8N

innin rtions of speech segments. If a party at one end ofa
mnecugnpgegms talkn?xg at the ?all end of the ot er party's speech.

41
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2-wire / 4-wire circuit

« Stability: ¢chg Cawncalation ow ) po preven § 2 From
G LS
renlokion y—r e
The net loss of the singing path ¢ ;}G;:
L4

LE:Z(B+6—G4) dB = 2(B+L,) dB S

!Mg i r\D _-/\-\\I
The necessary condition for stability is G ;ﬁj g
L, +B>0

-L, <B

G2<Bf’ﬁ'> nen W6 stable

—

43

2-wire / 4-wire circuit

n S that can be obtained

poi circuit is the maximum gain S
“ m:)OZf-?Nire ine without producing sm]ggmg
From G, <B- S = | Mmtw‘ 5 7
‘ i t of additionaﬂgann \ a ;
e e a;nuc;t:l':leously) in eac irection of

d (equall and si
i ing singing
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- -Plone System:

ORE= TRE + RRE + losses dB
L » —¥€ Valua  Petter trow the Referane
* TRE: transmit reference equivalent
* RRE: receive reference equivalent
* -ve dB: the system is better than the reference

=

45

Transmission Performance In
Telephone System

RRE is measured using a reference system called
ITU lab in Geneva

afionyg tele pron V) U we

& \'txhjriyié‘ ‘t"ld’ \;L‘(GPL\ohoS
Y o 2 AL
renalictring S S0 RN
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« But due to the lack of privacy and the Ia%li c

th ir-gai k ilabi
e pair-gain system was used as 2 Somtiog?avallabllity of the line,

« Basic types of pair-gain systems:
il conc_:entrators (remote switches) e
2. multiplexers (carrier systems) 3

47

~ Pair-Gain Systems

of simultaneously connecting all

a concentration is in capable .
nt of blocking is necessarily

ervices, a certain a mou
y concentration

canned by CamScanner




L

=
£
=,
fod

. ©
X
=
@

=8 Lot - o5 \u\‘\
j A i "
~—{
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4K o
Hz Human Voice Channel

f‘“>ho Shar @ ,j:“ﬁ;

& L.
§ ~
i : : '

Note: In the United States AT& i i
: » AT&T designed its FDM systems to handle
the band of signals between 200 and 3400 Hz (Bw = 3200 Hz).

51

A Single Voice Channel [SSB]

channels
> 900 Hz guardba“gub:’::’:::;d carrier modulation SSB

- Single Sideband

- Legn  Pewe

wer
il ULz bior

: Tw frowsmisss »

Bmdvdth
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POWer LeVel

tive level of

Slgna
el at the atany poing -
, reference ol ?;‘L(Z?lto'tn ctiht? System with respect to
e
Y dBr

al level in term,
S th
tis denoted p e °°rre3p0
y dB ndlng IeVel t
- dBmO= 4p at the reference
m-dBr
s R

: C= agu_—dgr Yol foag)

\u W
59
Signaling
f signaling:
1 el signaling or called Channel Asi(l)vcnfkted j
' Chann used in old telephone netwo q
ignaling (CAS): i
_channel signaling (CCS). i
d W(A Lo % 5,‘9“’["’

L Com{:rok 5 glﬁhml:_g
s

;V\ ,/[;( w\q o
| \7« Lo

e/
“LworK 9{ | signa Ling
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advantage of in-band signaling is that it can be USEEE
transmission medium. . irtorfatil
) main disadvantage is the need to eliminate mutual INeREreREs
sen the signaling waveforms and a user's speech. -

ple: Dual-tone multi-frequency (DTMF) signals from push-buttor
ephone.

t"‘-"‘ La.jn-f‘ [1 |?
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se /sec (1 pulse = 8 bits)

2 =8 kX 8/sec =64 kbps (= baud rate, since bit is one

).

t showed that the minimum bandwidth needed to transmit a
signal at B bauds is B/2.
telephone system: minimum BW= 32 KHz. ( but for analog

69

F iy
g !

ol
\
\
\

\ \
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PCM

gist ortion which is not found in analog
ion IS

ps, then hlgh

¢ te
size S needed

; rm
usingd ‘;:}mm size steps @€
u
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: N9 graduall in hi
S of netw . ally replaced in high-
Orks by Voice over Internet Protocol (V(:?F?) e

chnologies

et
. \:\\
N
. USer 2_ N\—

i\ <

ey W N Qﬂ:& i
Statistical Multiplexers
-~ A~ nnt auarantee M for
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(E1-
bansyy EL,J’ropean system 1)
SSlon systom1) used in Norih =2

ote: TO and E0- are B

W hat about E2, d for
E3,orT one channel -
2,739 (64 Kbps) %

(‘ . u SQ'(' S‘ '\ﬂ" ” &
v 2. W

T

Y
@ Ya { e '\'V\\A\,l \\Ph\xc"('

- Mpp 5

= O K sample g5

A-law companding
te= 32*8/125=2.048 Mbps v
w e \K&‘O - ’_J__
8k Ve NS
|
|

|

0,048 Mbit/s digital frame format

mple every 125 ps)
‘ _l-i[' o I6|6I4I3|2|II ;
Timeslot 16 Timeslot 0 -1 {Previous
s;gnallmg marks frame start .fmma :
P56 hits per frame, transmitted 1 frame per 123 ps_____-n g
i cam———

.—‘—'
-~
-

2 P 2% DK

E1 SyStem Fz1Pm 2 2BRH 2 a

Bit Rates D 28-6Hivps

representmg a
ple on timeslot19 [D:@ 76\"’)"‘“%\“7 ﬂﬁ?‘h 5 i ,
2° %y wchreniabion
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| plesiochronous digital hierarchy-PpH (old)
%vsynchronous digital hierarchy-SDH (new)
> Synchronous optical network ~SONET (new)

timing and clocking information are contained within the
bit stream and thus this system is self-synchronized or

ronous.

s

5 ET: the timing and clocking information are M
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European PDH (g
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PDH

Can PDH (Tx of DSx)
N Ty
1 ? rr—2 Mbils 307,200 Mbivs
- x4 =
L 90
. \? _&39.264 Mbitis | [274.176 Mbivs 97,728 Mbit/s
k. L. x4 xg,‘_” TAToST . =3
.,5“‘, 34,368 Mbivs “[ 44,736 Mbivs 32,064 Mbit/s
! & L I =
jieC 8,448 Mbit/s | 6,312 Mbitis
:?‘} T ] el DR e " x4| T210SZ
[ 20 2,048 Mbits | 1,544 M?:t:’:s
i — 3 w4
64 kbil's . 79
A Mux
[
for
‘ e -
ot Lo Ptu\\gn
et el




4,’\ \I,

US foondo e el e
SDH and SONET =l

Wore Pofu Ju

are standardized protocol
s over optical fiber.

s that transfer multiple digital bit

e PDH system for transporting Iargg
Is and data traffic over the same fiber
oblems (synchronization sources of

sveloped to replace th
1ounts of telephon® capr
hout synchronization

rious circuits were different).

_ : tes and Canada, and SDH in the rest of the
fithe Ll S,;\?EeT standards were developed before SDH,

AIFSO:ES ;h\?arsiaczion of SDH because of SDH's greater
nside _
wide market penetratlon.
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S
ONET and SHy Leansmission

SONET ki
| Signal R
SDH Signal Bit rate [Mbps]
15 i
1S3 STM.- | 155,52
pis-12 STM-4 622,08
STS-24 124416
STS-48 STM-16 2488.32
STS-192 STM-64 9953,28
STS-768 STM-256 39814,32

§O\v\g‘( N A \Vrstan. EES )\7&\

ﬁ Links System Solution
- "ﬁ’
Ethormat

§ L5
A“I\Pll 1k an it lx

LS

MSAPIELhorFPack I

Ethomot

M et AP
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Auvantages of Digital Voice
Network

2

17 .
Ease of signaling TUM Ve iee /\w@mf;(— 2 e

Use of modern technology (o 5 - l o EVA D i
, Integration of transmission and swutchlng d&—)\/o ‘e Th
Wi & -

by (&) C

.Slgnal regeneration fiep catety o g
Performance monitorability ——— Uiy, Siggas
. Accommodation of other services ;(‘;\ T Awog & Sk
0 e ’
Operablllty at low signal-to- nmse/mterference ratios — (7:gita\ x Repeat

L Ease of encryption = . wables :

Digltal signals are highly resistant to crosstalk.A = ’_
5

(%
Dk

el

Dlsadvantages Of Digital
Voice Networks

creased bandwidth. Mkd T L £ kb ps

jzation.
A Bed for time synchron! e Y
lexing: ar Users omdy
JTOpﬁloglcally restrlcted multip /%qr MS@

bridges.
Need for conference/extensmn > &54 i 1

log facilities. Useis))” }
compatlblhty o ara:ty ?)f digital system is limited T Mgl 4 /[7/’
he informatlon capa

ty
formatlon capacl

L C=3.32Blog?
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alling System No.7

d signaling and it is CCS system
signaling system No. 7

” hmp!xooh are used to set up most
pose is to start and end telephone calls but then it i
cé such as prepaid billing mechanism and SMS Y
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